I. INTRODUCTION
Since the discovery of high-temperature superconductivity (SC) in iron(Fe)-based compounds 1 , a number of researches have unraveled a rich variety of antiferromagnetic (AFM), structural, and superconducting phase diagrams of various Fe-pnictide(P n)/chalcogen families. These phase diagrams are drastically changed by the local lattice parameters and carrier density of the FeP n layers [2] [3] [4] [5] . Optimization of both the local lattice parameters and the electron/hole-doping levels of the FeP n/chalcogen layer is necessary to raise the SC transition temperature (T c ) to above 50 K. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The parent materials of Fe-based superconductors characterized by the formal Fe 2+ valence state such as in LaFeAsO, exhibit an AFM order in association with the orthorhombic transition, which is denoted as AFM1 hereafter. The isovalent substitution of P for As causes the local lattice parameters of the FeP n layers to undergo deformation without variation of the Fe 2+ state. The pnictogen height (h P n ) from the Fe-plane provides one possible classification of the ground states for the parent and its isovalent-substituted Fe-pnictides (See Fig. 5 ). This indicates that the AFM1 phase prevails when 1.32 A< h P n <1.42Å which separates the nodeless SC state at h P n >1.42Å and the nodal SC state at h P n <1.3 A. The separation seems to be insensitive to the Fe-Fe bonding length (d Fe−Fe ) 13 . Recently, the reemergent AFM order phase separated from AFM1 of LaFeAsO was observed in the range 0.4 ≤ x ′ ≤ 0.7 of LaFe(As 1−x ′ P x ′ )O [14] [15] [16] [17] , and is denoted as AFM2 hereafter. Furthermore, another type of segregated AFM order phase was also reported in heavily electron-doped LnFeAs(O 1−y H y ) for y ∼ 0.5 [18] [19] [20] , and is denoted as AFM3 here. To unravel the universality/diversity of the emergent phases, here we focus on the series [Sr 4 Sc 2 O 6 ]Fe 2 (As 1−x P x ) 2 , for which the local lattice parameters of the FeP n layer are similar to those of the series LaFe(As 1−x ′ P x ′ )O. The series [Sr 4 Sc 2 O 6 ]Fe 2 (As 1−x P x ) 2 , denoted as SrSc42622(As 1−x P x ) hereafter, was previously reported to show the AFM order below T N =35 K for the compound with x=0 21 , whereas the compound with x=1 is a superconductor with a possible nodal gap below the onset T onset c ∼17 K 22, 23 . However, an investigation of the intermediate region between x=0 and 1 has not been reported thus far. It is noteworthy that the T c for x=1 of SrSc42622(As 1−x P x ) is remarkably high among the various iron-phosphide (FeP) end members, e.g., LaFePO (T c = 6 K) 24 , LiFeP(T c = 5 K) 25 , [Ca 4 Al 2 O 6 ]Fe 2 P 2 (=CaAl42622(P))(T c = 17 K) 26 , and AeFe 2 P 2 (Ae=Ba,Sr,Ca)(non-SC). Further systematic studies over a wide range of x in SrSc42622(As 1−x P x ) provide an opportunity to unravel the origin of the high T c state, the universality of their ground states, and the relationship between local lattice parameters and some segregated AFM and SC phases.
In this paper, we report systematic 75 As and 31 P-NMR studies of SrSc42622(As 1−x P x ) for 0 ≤ x ≤ 1 and compare the outcome with previous results on the various parent and isovalent-substituted Fe-pnictides. As a result, we reveal that (i) the AFM1 phase in parent Fe-pnictides disappears when h pn ≤1.3-1.32Å, which is insensitive to d Fe−Fe , (ii) the static AFM2 phase reported for LaFe(As 0.4 P 0.6 )O does not appear in the series [Sr 4 Sc 2 O 6 ]Fe 2 (As 1−x P x ) 2 despite the similarity of the local lattice parameters of the FeP n layer. Instead, we revealed that the re-enhanced AFM spin fluctuations were derived from the possible instability of the AFM2 order, which plays a significant role in achieving the highest-T c state (T c =17 K) at x =0.8∼1 among the phosphorousrich Fe-based superconductors. We discuss the universality and diversity of their complicated ground states and the high SC transitions in Fe-pnictides from a microscopic point of view.
II. EXPERIMENTAL
NMR measurements were performed on coarse-powder polycrystalline samples of [Sr 4 Sc 2 O 6 ]Fe 2 (As 1−x P x ) 2 with nominal contents for x=0, 0.2, 0.4, 0.6, 0.8, and 1.0. The samples were synthesized by a solid-state reaction method 27 . Bulk T c s were determined from the onset of SC diamagnetism in the susceptibility measurement, which revealed T c ∼17 K for x=0.8 and T c ∼13 K 28 for x=1.0. No SC transition was observed in the range 0 ≤ x ≤ 0.6 from the susceptibility measurement. The parent compound (x=0) was investigated by 75 As (nuclear spin I=3/2) and 45 Sc-NMR (I=7/2). For x ≥ 0.2, the Knight shift (K) and the nuclear-spin lattice-relaxation rate 31 (1/T 1 ) in the normal state was measured by 31 P-NMR (I=1/2) mainly at a high magnetic field of ∼11.93 T. Here K was calibrated using the resonance field of 31 P in H 3 PO 4 , and 31 (1/T 1 ) was determined by fitting the recovery curve for 31 P nuclear magnetization to a single exponential function ∝ exp (−t/T 1 ). The SC states of x=0.8 and 1.0 were also investigated by means of the 31 P-NMR Knight shift and 31 (1/T 1 ) at lower field of ∼1 T, which is lower than the upper critical field B c2 . The bulk SC transition in these compounds are corroborated not only by decreases in K but also by increases in the line widths of the spectra below T c (1T) at 1 T. The values of h P n for the intermediate x region of SrSc42622(As 1−x P x ) were assumed by interpolation of the data at x=0 and 1.0.
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III. RESULTS AND DISCUSSION
A. Sr4Sc2O6Fe2As2 (x=0)
1. AFM order probed by 75 As and 45 Sc-NMR Figure 1 (a) shows the temperature(T ) dependence of the 75 As-NMR (I=3/2) spectra of the powder sample of x=0. Generally, the Hamiltonian for a nuclear spin with I (≥1) is described by the Zeeman interaction due to the magnetic field B (H Z ) and the nuclear-quadrupole 75 As-NMR spectra of x=0. The solid curves for the spectra below 35 K are the results of simulation for an internal field of 75 Bint=±0.5T and 75 νQ=8.8 MHz at the As site, taking the presence of subtle ingredients of the paramagnetic domains into account. (b) T dependence of the volume fraction of AFM domains evaluated from the fractional intensity of the broad spectra in (a), which increases significantly below TN=35 K. (c) 45 Sc-NMR spectra at 4.2 K reproduced by simulation (solid curve) for the case of zero internal field at the 45 Sc site in the blocking layer.
interaction (H Q ) as follows:
where γ N is the nuclear gyromagnetic ratio, eQ is the nuclear quadrupole moment, and eq is the electric field gradient (EFG) at the nuclear site. Here, the nuclear quadrupole resonance (NQR) frequency is defined as ν Q = 3e 2 qQ/2hI(2I − 1), and the asymmetric parameter (η) is zero for the tetragonal symmetry. As shown in Fig. 1(a) , above 35 K, the spectrum shows a typical powder pattern for a paramagnetic state, in which the spectral shape affected by the nuclear quadrupole interaction enables us to evaluate the NQR frequency of the 75 As site ( 75 ν Q ) to be ∼8.8 MHz. The broad spectra below 35 K are due to the onset of the AFM order, because magnetically ordered moments induce the internal magnetic field at nuclear sites. It enables us to evaluate the Néel temperature as being T N =35 K, which coincides with the value reported previously as probed by µSR and Mössbauer experiments. 21 The small peak at approximately 75 K=0 below 35 K indicates the presence of subtle ingredients of paramagnetic domains. As shown by the solid curves in Fig. 1(a) , the observed spectra are well reproduced by assuming the superposition of the predominant broad spectra of the AFM domains 47 with 75 B c int ∼ ±0.5 T and 75 ν Q ∼8.8 MHz and the paramagnetic domain with the same 75 ν Q . The volume fraction of the AFM domains evaluated in the simulation develops predominantly below T N =35 K, as shown in Fig. 1(b) , which is also consistent with the previous report 21 . Figure 1( 57 Bint is proportional to the AFM ordered moment (MAFM) estimated by a neutron diffraction experiment.
2-5,31-43 The linear relation of these values holds for various Fe pnictides of which the FeP n layer possesses different local lattice parameters. The weak internal field at x=0 [SrSc42622(As)] is due to the small MAFM. This relation may enable us to infer the unknown values of MAFM, 57 Bint, and 75 Bint, if one of them is obtained, as shown by the broken arrows in (a).
2.
Microscopic evidence of universal behavior in Fe-pnictides
The internal field at the As site ( 75 B int ) in Fe-pnictides is mostly induced by an off-diagonal pseudo-dipole field from the stripe-type AFM ordered moment (M AFM ) lying on the ab-plane at the Fe site 30 . The value of 75 B int (∼ 0.5 T) for x=0 is relatively small among the Fe-pnictides owing to the small M AFM (∼ 0.11µ B ) evaluated by a neutron diffraction experiment 21 . Figure 2( 
It is also noteworthy that these linear relations hold for various Fe pnictides that possess many differences in the local lattice parameters of the FeP n layers, such as the Fe-Fe bond lengths, pnictogen heights, and orthorhombicity 5 . Thus, this relation will help us to deduce the M AFM from the internal fields either at 57 Fe or 75 As sites, even for the case of lack of the neutron diffraction study. For example, as shown by the broken arrows in Fig. 2 (a), the AFM moment M AFM at the Fe site is tentatively deduced to be ∼ 0.18µ B for LaFe(As 0.4 P 0.6 )O by using the ratio Further microscopic evidence of the universality between x=0 [SrSc42622(As)] and many parent FeAs compounds can be seen in the relation between 75 As-NQR frequencies ( 75 ν Q ) and the local lattice parameters of the FeAs layer [44] [45] [46] . As shown in Fig. 3 , 75 ν Q is proportionally related to the electric field gradient derived from the charge distribution around the 75 As nucleus of the FeAs 4 tetrahedron. The largest 75 ν Q was observed for CaAl42622(As) 48 , which has the shortest d Fe−Fe and highest h P n among them. In contrast, the smallest value of 75 ν Q for x=0 [SrSc42622(As)] is additional microscopic evidence that SrSc42622(As) possesses the longest d Fe−Fe and lowest h P n among them. The monotonic variation of 75 ν Q for various Fe-pnictides with different local lattice parameters suggests that those of the FeAs layer undergo continuous deformation, which is attributed to the strong covalency of Fe-As bonds that ensures that the Fe-As bond length remains constant 7 .
B. Sr4Sc2O6Fe2(As1−xPx)2 (x=0.2-1.0)
1. Suppression of AFM1 phase probed by 31 P-NMR spectra for 0.2 ≤ x ≤1.0 Figures 4(a-e) show the T dependence of the 31 P-NMR (I=1/2) spectra for 0.2≤ x ≤1.0. In the case of (a) x=0.2, the 31 P-NMR spectra exhibit significant broadening at low temperatures due to the static internal field at the 31 P site ( 31 B int ) from the Fe site. Figure 4 (f) shows the full-width-at-half-maximum (FWHM) at the 31 P site normalized by the value at high temperature (T =120 K≫T N ), which is summarized by the contour plot in Fig. 4(g) . These plots reveal that the FWHM values of the 31 P-NMR spectra increase upon cooling, especially below the broken line extrapolated to T N =35 K at x=0 in the figure. These significant increases in FWHM at x <0.4 are suppressed for x ≥0.4, suggesting that the trace of the parent AFM1 order disappears at approximately x=0.3-0.4. The h Pn of x=0.3-0.4 is approximately ∼1.30Å, which is similar to the border between the AFM1 and SC phases observed not only for x ′ ∼0.2 of LaFe(As 1−x ′ P x ′ )O 15,16 but also for many parent Fepnictides with the formal valence of the Fe 2+ state 13,51 , as summarized in Fig. 5 .
On the other hand, the broadening of the spectra due to the static magnetic order was not observed for 0.6 ≤ x ≤ 1 of SrSc42622(As 1−x P x ), which corresponds to the AFM2 phase that reemerged at 0.4 ≤ x ′ ≤ 0.7 of LaFe(As 1−x ′ P x ′ )O, in spite of h Pn (1.2Å< h Pn <1.25Å) being similar. We note that the slight difference in the two compounds occurs in the Fe-Fe bond length d Fe−Fe contrary to the case of the AFM1 order phase, which is robust against the variation of d Fe−Fe . Based on the band calculation, it has been suggested that the AFM2 order of LaFe(As 1−x ′ P x ′ )O is derived from the good Fermi sur- 
MHz(B ∼6 T). (f) FWHM at
31 P site normalized by the value at 120 K, which is summarized in (g) the contour plot, revealing the evolution of the internal field at the 31 P site as functions of T and x. The FWHM increases upon cooling, especially below the broken line extrapolated to TN=35 K at x=0, suggesting that the AFM1 order phase disappears at x=0.3-0.4. face (FS) nesting at bands mainly composed of d xz /d yz orbitals, which accidentally improves at the intermediate x ′ ∼ 0.6 of LaFe(As 1−x ′ P x ′ )O 66 . Hence, the absence of the AFM2 phase in SrSc42622(As 1−x P x ) can be attributed to the deformation of the well-nested FSs by the slight difference in d Fe−Fe even if the h pn is comparable.
In contrast, it is noteworthy that the AFM1 phase seems to be insensitive particularly to d Fe−Fe , suggesting that the AFM1 and AFM2 phases have different origins. 65 , and so on. The ground states for 0 < x < 1 of SrSc42622(As1−xPx) were obtained in this work. Note that the static AFM2 phase, which reemerged in the range 0.4 ≤ x ′ ≤ 0.7 for LaFe(As 1−x ′ P x ′ )O, was not observed in 0.6 ≤ x ≤ 1 for SrSc42622(As1−xPx) even at a comparable value of hpn. However, the reemergent AFM spin fluctuations are observed in the range 0.6 ≤ x ≤ 1(See Fig. 7(b) ).
That is, the robustness of the AFM1 phase against the deformation of local lattice parameters such as d Fe−Fe cannot be attributed only to the nesting of FSs, which is worse than that in the AFM2 phase, even though the FSs are composed of FSs of which the size of the hole and electron pockets originating from the d xy and d xz/yz orbitals are similar 67, 68 . The band calculation over various Fe-pnictides suggested that the electron correlation effect on 3d orbitals becomes more significant when h pn is higher 69, 70 . In this context, the robustness of the AFM1 order against the variation of local lattice parameters suggests that, rather than relying only on the nesting of FSs, the origin of the AFM1 phase largely relies on the electron correlation effect.
FIG. 6: (Color online) T dependences of K(T ) probed by
31 P-NMR for (a) SrSc42622(As1−xPx) in comparison with that of (b) LaFe(As 1−x ′ P x ′ )O [14] [15] [16] [17] . The dependence of Ks(T →0) on x estimated by extrapolation to T =0 in the paramagnetic state for (c) SrSc42622(As1−xPx) and (d) LaFe(As 1−x ′ P x ′ )O. The large increase in Ks upon cooling observed from x=0.6 to 1.0 for both compounds is due to the appearance of a sharp peak of DOS mainly from the d 3z 2 −r 2 orbital 16, 74 . (e) Plot of (1/T1T ) 1/2 vs. K with an implicit parameter of T , together with data of LaFe(As 1−x ′ P x ′ )(O1−yFy) in the paramagnetic states at T ∼250 K. The relation (1/T1T ) 1/2 ∝ K chem +Ks(T ) is linear with K chem ∼0.03%.
Evolution of electronic states at 0
To focus on the difference and/or similarity between SrSc42622(As 1−x P x ) and LaFe(As 1−x ′ P x ′ )O, we compare the phosphorous(P)-derived evolution of the electronic states through 31 P-NMR probe. Figure 6 (a) shows the T dependence of Knight shift K for each x. Here, K comprises the T -dependent spin shift K s (T ) and the Tindependent chemical shift
A hf (0)N (E F ), using the static spin susceptibility χ 0 , the density of states (DOS) N (E F ) at the Fermi level E F , and the hyperfine coupling constant 31 A hf (0) at q=0. In nonmagnetic compounds, K s (T ) is anticipated to be proportional to ( 
2 holds. The plot of (1/T 1 T ) 1/2 vs. K in Fig. 6 (e) closely approximates the linear relation (1/T 1 T ) 1/2 ∝ K chem + K s (T ) with K chem ∼0.03 (±0.01)%, which coincides with that evaluated in previous 31 P-NMR studies for various Fe-pnictides 16, 51, 71, 72 . As shown in Fig.  6 (a) and 6(b), the T dependence of K s (T ) ( = K(T ) − K chem ) for each x of SrSc42622(As 1−x P x ) is quite similar to that of LaFe(As 1−x ′ P x ′ )O 15, 16 . The value of K s (T→0) estimated from the extrapolation to T→0 provides a direct measure of N (E F ) for a wide range of x, as shown in Fig. 6(c) , because K s (T→0) is directly proportional to χ 0 or N (E F ). For x ≤ 0.6 in both compounds, small values of K s (T→0), i.e., N (E F ), and a decrease in K s (T ) upon cooling are characteristic, suggesting that the E F is located on the tail of the large peak of the DOS beneath E F 16, 73 . At x ≥ 0.8, as seen in the figure, K s (T→0), i.e., N (E F ), increases toward x →1 owing to the appearance of the peak of DOS mainly arising from the d 3z 2 −r 2 -derived threedimensional hole pocket around Z(π,π,π) 16, 74 . Note that the AFM2 phase in LaFe(As 1−x ′ P x ′ )O does not exist in SrSc42622(As 1−x P x ) irrespective of the similar evolution in N (E F ) as a function of x, suggesting the absence of any relation between the AFM2 phase and the quasiparticles on the d 3z 2 −r 2 orbit. Instead, the presence of the cylindrical FSs originating from the nearly two-dimensional bands derived from the d xz /d yz relation is suggested theoretically in both SrSc42622(P) 75 and LaFePO 76 , although their fraction in the DOS is smaller than that of the d 3z 2 −r 2 orbit. We note that, in the case of non-SC states of AFe 2 P 2 (A=Ba,Sr) being in normal metallic state, there is no features of highly cylindrical FSs, electron correlations, and AFM spin fluctuations at all 51, 59, 63, 64, 79 . In the next section, we focus on the relation between AFM spin fluctuations and the onset of superconductivity in SrSc42622(As 1−x P x ).
3.
AFM spin fluctuations and superconductivity Figure 7 (a) shows the T dependence of (1/T 1 T ) and K 2 s probed by 31 P-NMR for 0.2≤ x ≤1.0. To deduce the development of AFM spin fluctuations (AFMSFs) following previous studies 16, 51, 71, 72, 77 , we assume that (1/T 1 T ) is decomposed as
The first term (1/T 1 T ) AFM represents the contribution of AFMSFs with the finite wave vectors Q, which is generally described as Fig. 4(f) ). (c) Contour plot of AFMSFs in LaFe(As 1−x ′ P x ′ )O referred from a previous study.
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where A hf (Q) is the hyperfine-coupling constant at q = Q, χ(Q, ω) is the dynamical spin susceptibility at q = Q and energy ω, and ω 0 is the NMR frequency approximated as ω 0 ∼ 0. The second term (1/T 1 T ) 0 represents the q-independent one in proportion to N (E F ) 2 , which can be evaluated by
2 ). The T dependence of (1/T 1 T ) above 100 K follows that of K 2 s (T ), indicating the dominant contribution of (1/T 1 T ) 0 to the observed (1/T 1 T ). Thus, the hatched area in Fig.  7(a) corresponds to the evolution of (1/T 1 T ) AFM that develops upon cooling below 100 K, i.e., the evolution of AFMSFs at a finite Q predominantly around ∼(0,π) and ∼(π,0).
The results are summarized in the contour plot of (1/T 1 T ) AFM in Fig. 7(b) . At x <0.4, the AFMSFs evolve upon cooling toward possible magnetic order derived from the AFM1 phase, as suggested in Fig. 4(g) by the increases in FWHMs. Although these are suppressed once at x=0.3-0.4, the AFMSFs are enhanced again significantly at x=0.6-1.0. Remarkably, the reenhanced AFMSFs are not continuous from the AFM1 phase for x <0.4. This reminds us of the reemergence of AFMSFs and the static AFM2 order phase in the case of LaFe(As 1−x ′ P x ′ )O, as referred in Fig. 7(c) 72 . We suggest that the AFMSFs at x=0.6-1.0 of SrSc42622(As 1−x P x ) can be attributed to the instability of the AFM2 order phase, because the local lattice parameters of their FeP n layers are quite similar to that of the AFM2 phase for x ′ =0.4-0.7 of LaFe(As 1−x ′ P x ′ )O 14-17 . In fact, it is theoretically suggested that the AFM2 phase is derived from the accidentally good nesting of the hole and electron FSs in the local lattice parameters of LaFe(As 0.4 P 0.6 )O 66 . Thus, these well-nested FSs in LaFe(As 0.4 P 0.6 )O may be missed by slightly longer d Fe−Fe in SrSc42622(As 1−x P x ), although the evolution of the microscopic electronic states evaluated by K are quite similar to each other, as shown in Figs. 6. Despite the absence of the static AFM2 order, the possible instability of the AFM2 phase induces the dynamical low-energy AFM spin fluctuations that develop significantly at approximately x ∼0.8 of SrSc42622(As 1−x P x ). We remark that such re-enhancement of the AFMSFs derived from the AFM2 order phase play a significant role in increasing the T c to 17 K at x=0.8∼1, resulting in the highest T c among phosphorous-rich Fe-based superconductors.
In the SC state for both x=0.8 and 1.0, the bulk SC transitions are evidenced by decreases in K s (T ) to below T c (1T) under a low external field, B=1 T, as indicated by the arrows in Fig. 7(a) . The 1/T 1 T in the SC state shows the variation at T c (1T) but its decrease is not significant, which may be due to the large residual DOS at E F in the nodal SC gap 23 resulting from the presence of the external field, since the field is not sufficiently low in comparison with the upper critical field B c2 (0). Such large residual DOS in the nodal SC gaps are frequently reported in 31 P-NMR studies on phosphorousrich members of the Fe-pnictides, such as LaFePO 78 , M Fe 2 (As,P) 2 51,79,80 , and CaAl42622(P) 13 , which is more remarkable when three-dimensionality in the electronic structures is more significant, since the contribution from d 3z 2 −r 2 orbit that has no correlation with SC is larger.
Further experiment under zero field or low field, which is sufficiently lower than B c2 , would be necessary.
Origin of high Tc state of FeP-based members
Here we compare the SC states and normal-state properties of the other FeP-based SC compounds, namely
24 , (iii) LiFeP(T c = 5 K) 25 , and (iv) AeFe 2 P 2 (non-SC). Their local lattice parameters are plotted in Fig. 5 .
(i) Among the FeP end members 26 , CaAl42622(P) exhibits the highest T c (=17 K) state, which appears in association with the low-energy AFMSFs in the vicinity of the AFM1 phase 13 . As indicated in Fig. 5 , this compound is characterized by FeP layers with relatively high h P n (∼1.3Å), which is close to the lower border of the AFM1 order. The nearly cylindrical FSs are ensured by the high two-dimensionality owing to the high h P n and thick Perovskite blocking layer 81 . Here no sign of the large DOS from the d 3z 2 −r 2 orbit was observed 13 , contrary to SrSc42622(P) and LaFePO. The SC gap with nodes is clearly seen even at B=1 T.
(ii) LaFePO with T c =6 K appears with weak AFMSFs at the low energies derived from the AFM2 phase 16, 72 . In fact, their low-energy AFMSFs for x ′ =1 are more enhanced toward the AFM2 phase at x ′ ≤0.7 in LaFe(As 1−x ′ P x ′ )O, which brings about the doubly enhanced T c (=12 K) for x ′ =0.8, as seen in Figs. 6(d) and 7(c) 14, 16, 17 . In addition to the weak AFMSFs at low energies observed in the previous NMR study 16 , the presence of the AFMSFs at high energies was reported for x ′ ∼ 1 from a neutron scattering experiment recently 82 . Note that the AFMSFs probed by NMR correspond to the slope of the χ(Q, ω) at the low-energy limit. The cylindrical FSs are also ensured at some bands by the high two-dimensionality owing to the thick blocking layer 76 , although the DOS includes large components from the d 3z 2 −r 2 orbit that may give rise to the large residual DOS in the nodal SC gaps analogous to the case of SrSc42622(P). (iii) LiFeP with T c = 5 K is characterized by higher h P n and a thinner blocking layer, which retains the dominant two-dimensional FS properties, but causes one of the FSs to warp 83, 84 . The occurrence of weak AFMSFs at low energies, which were reported in a previous NMR study 85 , may be attributed to the AFMSFs from the AFM1 phase because of the close proximity of h P n to the border of the AFM1 phase as seen in Fig. 5 . In this context, no SC was reported in (iv) AeFe 2 P 2 (Ae=Ba,Sr), which may be attributed to that the lattice parameters in these compounds are far from both the AFM1 and AFM2 phases (See Fig. 5 ). In fact, no indication of the presence of the AFMSFs, electron correlations, or two-dimensional features in their electronic structures was reported 51, 59, 63, 79 . These ex- 86 . The region in which Tc is the highest with Tc >50 K, is the region enclosed within a dashed circle, is the region in which the AFM1 phase is suppressed by electrondoping at hPn=1.35-1.39Å in the middle of the AFM1 phase. Here we omit the data of SrSc42622(As1−xPx) on 6.0e −1 /Fe to avoid the overlap with the data of LaFe(As,P)O.
perimental facts suggest that the presence of AFMSFs in the vicinity of either the AFM1 or AFM2 phases is an indispensable factor for the occurrence of SC in FePbased compounds, although the multiband feature from the five 3d-orbitals of Fe strongly diversifies the respective electronic states in detail.
The highest T c (∼55 K) in bulk Fe-pnictides is known to be realized by the optimization of both the local lattice parameters of the FeP n layers and the electrondoping levels [6] [7] [8] . Figure 8 shows the AFM order and SC phases classified as functions of the doping levels of electron/holes and the h Pn . Here the doping level of 6.0e − per Fe atom corresponds to the undoped Fe 2+ state displayed in Fig.5 , and sides to the right and left of 6.0e − correspond to the electron-and hole-doping regions, respectively. The region in which T c is the highest with T c >50 K, enclosed by the dashed circle in Fig. 8, is the region in which the AFM1 phase is suppressed by electron-doping at h Pn =1.35-1.39Å which is in the middle of the AFM1 phase. The high h Pn of the FeAs layers and suppression of the AFM1 phase by electron-doping can induce a fully gapped SC state on nearly cylindrical FSs 67, 68, 76 and enhancement of the electron correlations and the AFMSFs 69, 70 , which may be more favorable for realizing higher T c states than in the FeP-based compounds.
In contrast to the AFM1 phases widely observed in many parent Fe-pnictides, the universality of static reemergent AFM2 and AFM3 phases has not been established thus far, because these phases were reported only in LaFe(As 1−x ′ P x ′ )O and the heavily electron-doped state LnFeAs (O 1−y ′ H y ′ ) [18] [19] [20] , respectively. However, as for the relation of AFM1 and AFM2 phases, it was revealed that the T c can be enhanced not only by AFMSFs from either the AFM1 or AFM2 phases, but also by the superposition of multiple AFMSFs from both the AFM1 and AFM2 phases 72 . This is because the fluctuations from these two AFM phases are cooperative rather than competitive 72 . On the one hand, in the AFM3 phase of LnFeAs(O 1−y ′ H y ′ ), the hole FSs in association with the d xz/yz orbitals significantly shrinks owing to the heavy electron doping, whereas hole FSs relevant to the d xy orbit and the large electron FSs still remain 18, 87 . Theoretically it was suggested that the prioritized diagonal hopping on the d xy orbitals to re-enhance the other type of AFM order (AFM3) and AFMSFs in the high-T c state 88 . The highest-T c spot in Fe-pnictides with T c >50 K appears between the AFM1 and AFM3 phases of LnFeAs(O,F/H), and thus it is important to unravel the evolution of different types of AFMSFs from low energy to high energy systematically through the phases from AFM1 to AFM3 order [87] [88] [89] . This would provide indications toward a universal understanding of the high-T c Fe-pnictides including large-electron FSs without a hole Fermi surface in monolayer FeSe compounds and intercalated FeSe-based compounds.
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IV. SUMMARY
A systematic NMR study on [Sr 4 Sc 2 O 6 ]Fe 2 (As 1−x P x ) 2 revealed that the parent AFM1 phase at x=0 disappears in the range x=0.3-0.4, which corresponds to a pnictogen height from the Fe-plane of approximately h pn ∼ 1.3 − 1.32Å, which is nearly insensitive to the Fe-Fe bond length d Fe−Fe for various parent Fe-pnictides. By contrast, the static AFM2 order reported to exist in LaFe(As 0.4 P 0.6 )O does not appear at approximately x ∼0.8 of [Sr 4 Sc 2 O 6 ]Fe 2 (As 1−x P x ) 2 although the local lattice parameters of the FeP n layer are close to each other. Despite the absence of the static AFM2 phase, the dynamical low-energy AFMSFs develop significantly at approximately x ∼0.8, and this development is discontinuous from that of the AFM1 phase. We remark that such re-enhancement of AFMSFs derived from the instability of the AFM2 order phase play a significant role in enhancing the T c ∼17K at x =0.8∼1. These results indicate that the onset of the static AFM2 order is quite sensitive to the local lattice parameters of the FeP n layer, which is consistent with the anticipated fact that the AFM2 originates from the accidentally good nesting of FSs. This is in contrast with the case of the AFM1 phase, which is nearly insensitive to d Fe−Fe when h pn ≥1.3Å, at which the enhancement of electron correlations are suggested theoretically even when the nesting of FSs becomes weak. This suggests that the AFM1 and AFM2 phases have distinctly different origins. However, the experimental facts suggest that the existence of AFMSFs in the vicinity of either the AFM1 or AFM2 phases is indispensable for the occurrence of SC in the FeP-based compounds. Although the multiband feature from the five 3d-orbitals of Fe strongly and distinctly diversifies the respective electronic states, these findings provide insight into the complicated relationship between some segregated AFM order and the SC phases as a function of the local lattice parameters of the FeP n layers. This advances the general understanding of the ground state of Fe-pnictides.
